We report the detection of four new extrasolar planets from the Anglo-Australian Planet Search orbiting the metal-enriched stars HD 73526, HD 76700, HD 30177, and HD 2039. The planetary companion of HD 76700 has a circular orbit with a period of 3.98 days. With M sin i ¼ 0:197 AE 0:017 ð Þ M J , or 0.69M SAT , it is one of the lowest minimum mass extrasolar planets yet detected. The remaining planets all have elliptical orbits with periods ranging from 190.5 days to 4.4 yr. All four planets have been found orbiting hosts from a subsample of 20 metal-enriched and faint (V < 9) stars, which was added to the Anglo-Australian Planet Search's magnitude-limited V < 7:5 main sample in 1999 October. These stars were selected for metal enrichment on the basis of their Strö mgren photometry, and their enrichment has been subsequently confirmed by detailed spectroscopic analysis.
INTRODUCTION
The Anglo-Australian Planet Search (AAPS) is a longterm planet detection program that aims to perform extrasolar planet detection and measurement at the highest possible precision. Together with a program using similar techniques on the Lick 3 m and Keck I 10 m telescopes (Fischer et al. 2001; Vogt et al. 2000) , AAPS provides allsky planet search coverage for inactive F, G, K, and M dwarfs down to a magnitude limit of V ¼ 7:5. Initial results from this program Butler et al. 2001 Butler et al. , 2002b Jones et al. 2002a Jones et al. , 2002b demonstrate that it achieves long-term, systematic velocity precisions of 3 m s À1 or better, for suitably stable stars, down to our main sample magnitude limit of V ¼ 7:5.
AAPS is being carried out on the 3.9 m Anglo-Australian Telescope (AAT), using the University College London Echelle Spectrograph (UCLES) and an I 2 absorption cell. UCLES is operated in its 31 line mm À1 mode. Prior to 2001 September, it was used with an MIT/LL 2048Â4096 15 lm pixel CCD, and since then has been used with an EEV 2048Â4096 13.5 lm pixel CCD. Our target sample includes 178 F, G, and K stars with < À20 and V < 7:5. Where age/activity information is available from R 0 HK indicessee, for example, Henry et al. (1996) and Tinney et al. (2002b) -we require target stars to have log R 0 HK > À4:5
(corresponding to ages greater than 3 Gyr). The observing and data-processing procedures follow that described in Butler et al. (1996 Butler et al. ( , 2001 ). In addition to our primary sample of V < 7:5 dwarfs, a small subsample of 20 fainter dwarfs (down to V < 9) was added in 1999 October, following suggestions that metalenriched stars seemed to be preferentially revealing planets (see, e.g., Laughlin 2000 and references therein). These stars all had uvby photometry suggesting metal enrichment above solar abundances ([Fe/H]e0.1). All stars in this fainter subsample were observed with a maximum exposure time of 300 s, regardless of observing conditions. As a result, the velocity precisions achieved for these targets are not as high as those demonstrated for the AAPS main sample Butler et al. 2001 ).
CHARACTERISTICS OF THE HOST STARS
The characteristics for each of the four host stars are summarized in Table 1; please refer to the table notes for  references. HD 30177 (HIP 21850, SAO 233633) is a chromospherically inactive G8 V star, which was found to be photometrically stable by the Hipparcos satellite. Suitably calibrated Strömgren uvby photometry from the General Catalog of Photometric Data 10 (Hauck & Mermilliod 1997 ) permits the estimation of HD 30177's metallicity. We have used both the commonly used uvby calibration of Schuster & Nissen (1989) and also a more recent recalibration by Haywood (2002) . The former provides systematically lower metallicities for these stars by~0.07 dex. A detailed metallicity analysis has been performed for all the G dwarfs in the AAPS (Bond et al. 2003, in preparation) , and the result from that study is also indicated in the table. The bÀy colors of these stars also permit the estimation of effective temperatures using the calibration of Hauck & Mermilliod (1997) and Olsen (1984) . From HD 30177's log R 0 HK ¼ À5:08 we estimate intrinsic stellar velocity jitter to be in the range 2-4 m s À1 (Saar et al. 1998) . Girardi et al. (2000) . On the basis of these models and the metallicity measurements for HD 30177, its mass is estimated to be 0:95 AE 0:05 M , and it would appear (in common with HD 73526 and HD 76700) to be beginning its evolution off the main sequence. Estimated age ranges are also indicated in Table 1. HD 73526 (HIP 42282, SAO 220191) is a G6 V dwarf. No R 0 HK estimate is currently available. Hipparcos finds it to be photometrically stable. Metallicity, T eff , and mass and age estimates (based on the tracks in Fig. 1 ) are shown in Table 1 as for HD 30177.
HD 76700 (HIP 43686, SAO 250370, LTT 3291) is cataloged as a G6 V dwarf by SIMBAD, as G5 by the Henry Draper catalog (Cannon & Pickering 1918-24) , and as G8 V by Hipparcos (ESA 1997). The Hipparcos BÀV color (+0.745) would indicate a G8 spectral type is more likely than G5 or G6, although the GCPD bÀy color (Hauck & Mermilliod 1997) would indicate that a G6 type is more appropriate. Hipparcos found it to be photometrically stable. Metallicity, T eff , and mass and age estimates (based on the tracks in Fig. 1 ) are shown in Table 1 as before. There is no published log R 0 HK measurement for HD 76700. Because the velocity amplitude observed in this star is small (26 AE 2 m s À1 ), a Ca H and K spectrum was acquired to determine the level at which our results could be affected by velocity jitter. Figure 2 shows this spectrum for HD 76700 compared References.
- (1) to those for several objects of similar spectral type, along with their spectral types and log R 0 HK values . HD 76700 shows no evidence for a line reversal. Based on this comparison we assign an upper limit to log R 0 HK for HD 76700 of À4.9, from which we estimate its intrinsic stellar velocity jitter to be in the range 3-6 m s À1 or less (Saar et al. 1998) .
HD 2039 (HIP 1931, SAO 23205 ) is a chromospherically inactive G2/G3 IV/V star, which was found to be photometrically stable by Hipparcos. There are multiple measures of this star's Strö mgren uvby photometry, the mean of which indicates the metallicity, T eff , and mass estimates (based on the tracks in Fig. 1 ) shown in Table 1 .
RADIAL VELOCITY OBSERVATIONS AND ORBITAL SOLUTIONS
Fifteen observations of HD 30177 are listed in Table 2 . The column labeled '' Uncertainty '' is the velocity uncertainty produced by our least-squares fitting procedure. This fit simultaneously determines the Doppler shift and the spectrograph point-spread function (PSF) for each observation made through the iodine cell, given an iodine absorption spectrum and an '' iodine-free '' template spectrum of the object (Butler et al. 1996) . The uncertainty is derived for each measurement by taking the mean of 400 useful spectral regions (each 2 Å long) from each exposure. This uncertainty includes the effects of photon counting uncertainties, residual errors in the spectrograph PSF model, and variation in the underlying spectrum between the template and '' iodine '' epochs. All velocities are measured relative to the zero point defined by the template observation. Only observations in which the uncertainty is less than twice the median uncertainty are listed. These data are shown in Figure 3 . The figure shows the best-fit Keplerian model for the data, with the resultant orbital parameters listed in Table 3 . Because of HD 30177's faintness compared Fig. 2. -UCLES spectrum in the region of the Ca H line for HD 76700 and several comparison objects with log R 0 HK measurements from Tinney et al. (2002b) . For each object the spectral type and measured log R 0 HK value are shown. On the basis of on these spectra we assign an upper limit to the log R 0 HK value for HD 76700 of À4.9. Table 3 . The rms of the velocities about the fit is 14 m s À1 . Assuming 0.95 M for the primary, the minimum (M sin i) mass of the companion is 7:7 AE 1:5 ð Þ M J , and the semimajor axis is 2:6 AE 0:9 AU.
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to the AAPS main sample, the residuals about the fit (14 m s À1 ) are significantly higher than the baseline 3 m s À1 precision level demonstrated for the main sample Jones et al. 2002a ).
Eighteen observations of HD 73526 are listed in Table 4 , and they are shown in Figure 4 along with a Keplerian fit to the data with the orbital parameters listed in Table 3 . Note again the larger residuals (17 m s À1 ) compared to the AAPS main sample. Twenty-four observations of HD 76700 are listed in Table 5 , and they are shown in Figure 5 along with a Keplerian fit to the data with the orbital parameters listed in Table 3 . The 36 observations of HD 2039 are listed in Table 6 , and they are shown in Figure 6 along with a Keplerian fit to the data with the orbital parameters listed in Table 3 .
DISCUSSION
The resultant minimum companion mass for HD 76700 is M sin i ¼ 0:197 AE 0:017 ð Þ M J , with an orbital semimajor axis a ¼ 0:049 AE 0:004 AU and eccentricity e ¼ 0:00 AE 0:04. This zero eccentricity is consistent with the expectation that a planet with a period of just 3:971 AE 0:001 days will almost certainly lie in an orbit that has been tidally circularized ). The resulting orbital parameters for HD 76700 place it amongst the planetary companions with the lowest known minimum masses. HD 76700 joins HD 49674, HD 16141, HD 168746, and HD 46375 (Butler et al. 2003; Pepe et al. 2002) in the group of extrasolar planetary companions with measured minimum masses less than a Saturn mass (0.299M J ).
The remaining three extrasolar planets all have elliptical orbits, although the ellipticity of the orbit for the companion to HD 30177 (e ¼ 0:22 AE 0:17) is not different from zero with great significance. As further data are acquired over the coming years this parameter will become far better constrained, and it is possible that this extrasolar planet could turn out to be in a substantially circular orbit. If so, this system would join with the other known nearly circular systems with gas giant planets lying in orbits between where the Earth and Jupiter lie in our own solar system ( Ret, HD 4208, the outer components of 47 UMa, HD 28185 ). These extrasolar planets would seem to indicate that gas giants exist in nearly circular orbits with semimajor axes all the way out to, and beyond, that of Jupiter, as confirmed recently by the detection of the outer planet in the 55 Cnc system (Marcy et al. 2002) .
Of the 20 stars included in our metal-enriched ([Fe/H] e 0.1) subsample along with our main sample in 1 sin i (km) ........................................ Mayor et al. 2002] ). This gives us a lower limit (there may be longer period or lower-mass planets present that we cannot yet detect) to the discovery rate of 25% AE 11% for this '' metallicity-biased '' subsample. This compares with the overall discovery rates estimated for the Keck, Lick, and AAPS of $8% (i.e., 8% of stars surveyed have planets in orbits within 3.5 AU of their host stars [Butler Reid 2002 and Laughlin 2000 and references therein). It is also interesting to note (even if perhaps not statistically significant) that all four of the stars in this paper would seem to be beginning their evolution off the main sequence (see Fig. 1 ). These results would suggest that the biasing of planet surveys toward metal-enriched host stars may offer a benefit in the planet detection rate. However, such an increased discovery rate must be balanced against the fact that it will produce an inherently biased sample of extrasolar planets. With the total number of known extrasolar planets still numbering less than a hundred, and the parameters of this ensemble of planets still poorly placed in a scheme of extrasolar planetary formation and evolution, now is not the time for planet searches to begin biasing their large surveys in the chase for better '' hit rates '' at the expense of scientific utility.
